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(54) DETECTING DEVICE AND DETECTING SYSTEM

(57) A pressure detecting device that detects the
combustion pressure in an internal combustion engine
includes: a piezoelectric element 10 that outputs a charge
signal corresponding to the pressure in a combustion
chamber; and a mounting board 210 on which are mount-
ed an integrating circuit 212 that integrates the charge
signal outputted by the piezoelectric element 10 and an
amplifier circuit 213 that amplifies a voltage signal ob-
tained by integration. On the mounting board 210 are

provided: a power receiving terminal 211a that receives
a power-supply voltage from a controller; an output ter-
minal 211b that outputs an output signal after amplifica-
tion to the controller; and a grounding terminal 211c for
making the ground of the controller and the mounting
board 210 common. Furthermore, in the mounting board
210, the grounding terminal 211c and grounding ends of
the integrating circuit 212 and the amplifier circuit 213
are connected by way of grounding ferrite beads 216.
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Description

Technical Field

[0001] The present invention relates to a detecting de-
vice and a detecting system that detect a physical
amount.

Background Art

[0002] For example, installation of a combustion pres-
sure detecting device that detects the combustion pres-
sure of an internal combustion engine on a device having
the internal combustion engine, such as a vehicle, is un-
der consideration. In such a device, based on the detec-
tion result of the combustion pressure by the combustion
pressure detecting device, a controller called an ECU
(Engine Control Unit) performs control related to opera-
tions or the like of the internal combustion engine.
[0003] For example, in Patent Document 1, it is de-
scribed that a pressure detecting device incorporating a
piezoelectric element that detects a combustion pressure
of an internal combustion engine and a processing circuit
that applies processing to detection signals of the piezo-
electric element is connected to a controller that performs
control based on output signals outputted from the
processing circuit by use of an electric wire for supplying
power from the controller to the pressure detecting de-
vice, an electric wire for transmitting signals from the
pressure detecting device to the controller and an electric
wire for making grounds of the controller and the pressure
detecting device common.

Citation List

Patent Literature

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2013-156171

Summary of Invention

Technical Problem

[0005] Here, when the configuration that connects the
controller and the detecting device via the electric wire
is employed, the electric wire functions as an antenna
for radio waves or the like from the outside in some cases.
Then, noises came into the processing circuit of the de-
tecting device, and as a result, the noises were some-
times superimposed on the signals outputted from the
processing circuit.
[0006] An object of the present invention is to reduce
noises coming into the processing circuit of the detecting
device from the outside.

Solution to Problem

[0007] A detecting device according to the present in-
vention includes: a detection element that detects a
change in a physical amount; a processing circuit that
applies electrical processing to a detection signal output-
ted by the detection element; a grounding terminal con-
nected to a ground body provided outside; and an induc-
tive element that shows inductivity and is connected to
the grounding terminal and a ground in the processing
circuit.
[0008] Here, it is preferable that the inductive element
is composed of an inductive/resistive element in which a
reactance component becomes predominant in a low-
frequency region and a resistance component becomes
predominant in a high-frequency region.
[0009] Moreover, it is preferable that magnitude of the
reactance component of the inductive/resistive element
exceeds 0Ω in a frequency range of more than 0 Hz and
not more than 400 MHz.
[0010] Further, it is preferable that magnitude of an im-
pedance of the inductive/resistive element exceeds 0Ω
and not more than 50Ω at 100 MHz.
[0011] Still further, it is preferable that the inductive/re-
sistive element is composed of ferrite beads, and a self-
resonant frequency of the ferrite beads exceeds 400
MHz.
[0012] Moreover, from another standpoint, a detecting
system according to the present invention includes: a
detecting device including: a detection element that de-
tects a change in a physical amount; a processing circuit
that applies electrical processing to a detection signal
outputted by the detection element; a grounding terminal
connected to a ground body provided outside; and an
inductive element that shows inductivity and is connected
to the grounding terminal and a ground in the processing
circuit; and a supplying/processing device that is con-
nected to the detecting device via a supply line for sup-
plying power-supply voltage to the processing circuit, a
transmission line for transmitting an output signal output-
ted from the processing circuit and a ground line to be
connected to the grounding terminal of the processing
circuit, to supply the power-supply voltage to the detect-
ing device and to apply processing to the output signal
inputted from the detecting device.

Advantageous Effects of Invention

[0013] According to the present invention, it is possible
to reduce noises coming into the processing circuit of the
detecting device from the outside.

Brief Description of Drawings

[0014]

FIG. 1 is a schematic configuration view of an internal
combustion engine related to an exemplary embod-
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iment;
FIG. 2 is an enlarged view of a II part of a pressure
detecting device shown in FIG. 1;
FIG. 3 is a schematic configuration view of the pres-
sure detecting device;
FIG. 4 is a cross-sectional view of a IV-IV part of the
pressure detecting device shown in FIG. 3;
FIG. 5 is an enlarged view of a V part of the pressure
detecting device shown in FIG. 4;
FIG. 6 is an enlarged view of a VI part of the pressure
detecting device shown in FIG. 4;
FIG. 7 is a diagram showing a circuit configuration
of a mounting board;
FIG. 8 is a diagram for explaining model numbers of
power receiving ferrite beads, output ferrite beads
and grounding ferrite beads used in each Example
and Comparative example;
FIGS. 9A to 9G are diagrams for illustrating frequen-
cy characteristics of impedance of various kinds of
ferrite beads used in each Example and Compara-
tive example;
FIG. 10 is a diagram for explaining various kinds of
characteristics of the various kinds of ferrite beads
used in each Example and Comparative example as
a list;
FIGS. 11A to 11H are diagrams each showing a re-
sult of a BCI test in each Example and Comparative
example as a graph; and
FIG. 12 is a diagram for explaining the result of the
BCI test in each Example and Comparative example
as a list.

Description of Embodiments

[0015] Hereinafter, an exemplary embodiment accord-
ing to the present invention will be described in detail with
reference to attached drawings.
[0016] FIG. 1 is a schematic configuration view of an
internal combustion engine 1 related to the exemplary
embodiment. Moreover, FIG. 2 is an enlarged view of a
II part of a pressure detecting device 5 shown in FIG. 1.
[0017] The internal combustion engine 1 includes: a
cylinder block 2 provided with a cylinder 2a; a piston 3
that reciprocates inside the cylinder 2a; and a cylinder
head 4 that is fastened to the cylinder block 2 to form a
combustion chamber C together with the cylinder 2a, pis-
ton 3 and so forth. Here, both the cylinder block 2 and
the cylinder head 4 are composed of aluminum, cast iron
or the like having conductivity. Moreover, the internal
combustion engine 1 includes: a pressure detecting de-
vice 5 that is mounted onto the cylinder head 4 to detect
the pressure in the combustion chamber C; a controller
6 that controls action of the internal combustion engine
1 based on the pressure detected by the pressure de-
tecting device 5; a sealing member 7 that is interposed
between the pressure detecting device 5 and the cylinder
head 4 to keep airtightness in the combustion chamber
C; and a transmission cable 8 that transmits electric sig-

nals between the pressure detecting device 5 and the
controller 6. Here, in the exemplary embodiment, the
pressure detecting device 5 functions as an example of
a detecting device, the controller 6 functions as an ex-
ample of a supplying and processing device, and further,
the pressure detecting device 5, the controller 6 and the
transmission cable 8 function as an example of a detect-
ing system.
[0018] Then, as shown in FIG. 2, the transmission ca-
ble 8 includes three cables, namely, a first cable 81, a
second cable 82 and a third cable 83, and a connector
80 for connecting these first cable 81 through third cable
83 to the pressure detecting device 5. Of these, the first
cable 81 is used for supplying the power-supply voltage
from the controller 6 to the pressure detecting device 5.
Moreover, the second cable 82 is used for transmitting
an output signal corresponding to the detected pressure
from the pressure detecting device 5 to the controller 6.
Further, the third cable 83 is used for making the ground
of the pressure detecting device 5 and the ground of the
controller 6 in common. Here, each of the first cable 81,
the second cable 82 and the third cable 83 is configured
with an electrical insulated wire formed by coating the
outer circumferential surface of a conductor part made
of a tinned annealed copper strand wire with an insulating
body made of resin. Note that, in the exemplary embod-
iment, the first cable 81 functions as an example of a
supply line, the second cable 82 functions as an example
of a transmission line, and the third cable 83 functions
as an example of a ground line. Note that, the third cable
83 is connected to a ground body, such as a battery ve-
hicle body of a vehicle, on which the internal combustion
engine 1 is mounted, or the like (not shown) via the
ground of the controller 6.
[0019] In transmission cable 8 of the exemplary em-
bodiment, a twisted pair cable is composed by pair-
stranding the second cable 82 and the third cable 83.
Then, to the twisted pair cable, a drain wire composed
of a tinned annealed copper strand wire (not shown) is
vertically added, and around the cable, an aluminum My-
lar tape (not shown) in which aluminum deposition is ap-
plied to one surface of a PET tape (the side in contact
with the drain wire) is wound. Note that the drain wire
may be stranded with the second cable 82 and the third
cable 83, and the aluminum Mylar tape may be vertically
added. On the other hand, the first cable 81 in the trans-
mission cable 8 results in existing outside of the alumi-
num Mylar tape. Then, the drain wire provided to the
transmission cable 8 is one-end grounded or both-end
grounded. This causes the second cable 82 and the third
cable 83 to be subjected to electrostatic screening.
[0020] Moreover, as shown in FIG. 2, in the cylinder
head 4, there is formed a communication hole 4a that
causes the combustion chamber C to be communicated
with the outside. The communication hole 4a includes,
from the combustion chamber C side, a first hole part 4b,
an inclined part 4c having a diameter gradually increased
from a hole diameter of the first hole part 4b, and a second
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hole part 4d having a hole diameter larger than the hole
diameter of the first hole part 4b. In a surrounding wall
that forms the second hole part 4d, a female screw 4e,
into which a male screw 332a of a housing 30, to be
described later, formed in the pressure detecting device
5 is screwed, is formed.
[0021] Hereinafter, the pressure detecting device 5 will
be described in detail.
[0022] FIG. 3 is a schematic configuration view of the
pressure detecting device 5. FIG. 4 is a cross-sectional
view of a IV-IV part of the pressure detecting device 5
shown in FIG. 3. FIG. 5 is an enlarged view of a V part
of the pressure detecting device 5 shown in FIG. 4. More-
over, FIG. 6 is an enlarged view of a VI part of the pressure
detecting device 5 shown in FIG. 4.
[0023] The pressure detecting device 5 includes: a
sensor part 100 having a piezoelectric element 10 that
converts the pressure in the combustion chamber C into
an electric signal; a signal processing part 200 that proc-
esses the electric signal from the sensor part 100; and a
holding member 300 that holds the signal processing part
200. When the pressure detecting device 5 is mounted
on the cylinder head 4, a diaphragm head 40, which will
be described later, of the sensor part 100 is inserted first
into the communication hole 4a formed in the cylinder
head 4. In the following description, the left side of FIG.
4 is assumed to be a leading end side of the pressure
detecting device 5, and the right side thereof is assumed
to be a rear end side of the pressure detecting device 5.
[0024] First, the sensor part 100 will be described.
The sensor part 100 includes: the piezoelectric element
10 that converts a received pressure into an electric sig-
nal; and a housing 30 in a cylindrical shape, inside of
which a hole in a columnar shape to house the piezoe-
lectric element 10 or the like is formed. Hereinafter, the
centerline direction of the hole in the columnar shape
formed in the housing 30 is simply referred to as a cen-
terline direction.
[0025] Moreover, the sensor part 100 includes: the di-
aphragm head 40 provided to close an opening part on
the leading end side in the housing 30, on which the pres-
sure in the combustion chamber C acts; a first electrode
part 50 provided between the diaphragm head 40 and
the piezoelectric element 10; and a second electrode part
55 disposed on the opposite side of the first electrode
part 50 with respect to the piezoelectric element 10.
[0026] Moreover, the sensor part 100 includes: an in-
sulating ring 60 made of alumina ceramics that electri-
cally insulates the second electrode part 55; a support
member 65 that is provided closer to the rear end side
than the insulating ring 60 and supports an end portion
of a covering member 23, which will be described later,
of the signal processing part 200; and a coil spring 70
interposed between the second electrode part 55 and a
conduction member 22, which will be described later.
[0027] The piezoelectric element 10 as an example of
a detection element includes a piezoelectric body show-
ing a piezoelectric action of a piezoelectric longitudinal

effect. The piezoelectric longitudinal effect refers to an
action that generates charge on a surface of the piezo-
electric body in the direction of a charge generating axis
when an external force is applied to a stress application
axis in the same direction as the charge generating axis
of the piezoelectric body. The piezoelectric element 10
related to the exemplary embodiment is housed in the
housing 30 so that the centerline direction thereof is in
the direction of the stress application axis.
[0028] Next, a case in which piezoelectric transversal
effect is used for the piezoelectric element 10 will be ex-
emplified. The piezoelectric transversal effect refers to
an action that generates charge on a surface of the pie-
zoelectric body in the direction of a charge generating
axis when an external force is applied to a stress appli-
cation axis in a position orthogonal to the charge gener-
ating axis of the piezoelectric body. Plural piezoelectric
bodies formed into thin plate shape may be laminated
for configuration, and, by laminating in this manner, it is
possible to efficiently collect charges generated in the
piezoelectric body, to thereby increase sensitivity of a
sensor. As the piezoelectric body, use of langasite crystal
(langasite, langatate, langanite, LTGA), quartz or gallium
phosphate having the piezoelectric longitudinal effect
and the piezoelectric transversal effect can be shown as
examples. Note that, in the piezoelectric element 10 of
the exemplary embodiment, langasite single crystal is
used as the piezoelectric body.
[0029] As shown in FIG. 5, the housing 30 includes a
first housing 31 provided to the leading end side and a
second housing 32 provided to the rear end side.
[0030] The first housing 31 is a member having a thin
cylindrical shape inside of which a columnar-shaped hole
310 with a diameter differing in stages from the leading
end side to the rear end side is formed. On the outer
circumferential surface thereof, at the center portion in
the centerline direction, a projection part 315 that the
projects from the outer circumferential surface is provid-
ed over an entire region in the circumferential direction.
[0031] The hole 310 is configured with a first hole 311
and a second hole 312 having a larger hole diameter
than a hole diameter of the first hole 311, which are
formed in order from the leading end side to the rear end
side. The projection part 315 includes: an inclined surface
315a at the leading end portion thereof, in which the di-
ameter is gradually increased from the leading end side
to the rear end side; and a vertical surface 315b perpen-
dicular to the centerline direction at the rear end portion
thereof.
[0032] The second housing 32 is, as shown in FIG. 4,
a member having a cylindrical shape inside of which a
columnar-shaped hole 320 with a diameter differing in
stages from the leading end side to the rear end side is
formed, and outside of which an outer circumferential
surface 330 with a diameter differing in stages from the
leading end side to the rear end side is provided.
[0033] The hole 320 is configured with: a first columnar
hole 321 having a first hole diameter; a second columnar
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hole 322 having a second hole diameter smaller than the
first hole diameter; a third columnar hole 323 having a
third hole diameter larger than the second hole diameter;
a fourth columnar hole 324 having a fourth hole diameter
larger than the third hole diameter; and a fifth columnar
hole 325 having a fifth hole diameter larger than the fourth
hole diameter, which are formed in order from the leading
end side to the rear end side.
[0034] The first hole diameter in the first columnar hole
321 is set to be not more than the diameter of the outer
circumferential surface of the first housing 31 so that the
leading end portion in the second housing 32 is fitted
(press-fitted) into the rear end portion in the first housing
31 by interference fit.
[0035] The outer circumferential surface 330 is config-
ured with: a first outer circumferential surface 331; a sec-
ond outer circumferential surface 332 having an outer
diameter larger than an outer diameter of the first outer
circumferential surface 331; a third outer circumferential
surface 333 having an outer diameter larger than the out-
er diameter of the second outer circumferential surface
332; a fourth outer circumferential surface 334 having an
outer diameter larger than the outer diameter of the third
outer circumferential surface 333; and a fifth outer cir-
cumferential surface 335 having an outer diameter small-
er than the outer diameter of the fourth outer circumfer-
ential surface 334, which are formed from the leading
end side to the rear end side.
[0036] At the leading end portion in the second outer
circumferential surface 332, the male screw 332a to be
screwed into the female screw 4e of the cylinder head 4
is formed. Into the third outer circumferential surface 333,
a first sealing member 71, which will be described later,
is fitted by loose fit, and a dimension tolerance of the
outer diameter of the third outer circumferential surface
333 and the inner diameter of the first sealing member
71 is set to, for example, zero to 0.2 mm. The rear end
portion in the fourth outer circumferential surface 334 is
formed into an equilateral hexagonal prism having six
chamfers at regular intervals in the circumferential direc-
tion. When the pressure detecting device 5 is fastened
to the cylinder head 4, the portion formed into the equi-
lateral hexagonal prism serves as a portion into which a
fastening tool is fitted and to which the rotational force
imparted to the tool is transmitted. At the center portion
in the centerline direction in the fifth outer circumferential
surface 335, a concave part 335a that is concaved from
the outer circumferential surface is formed over the entire
circumference.
[0037] Moreover, as shown in FIG. 6, the second hous-
ing 32 is a transition portion from the fourth columnar
hole 324 to the fifth columnar hole 325, and, at the leading
end portion in the fifth columnar hole 325 (refer to FIG.
4), there is provided a butting surface 340, against which
an end surface on the leading end side in a board cov-
ering part 232 of the covering member 23, to be described
later, of the signal processing part 200 is butted. On the
butting surface 340, there is formed a pin concave part

340a into which an input-side second connection pin 21b
of a circuit board part 21 in the signal processing part
200, which will be described later, is inserted.
[0038] The first housing 31 and the second housing 32
exist at positions close to the combustion chamber C;
therefore, it is desired that the first housing 31 and the
second housing 32 are manufactured by use of materials
that can endure the use temperature environment of at
least from -40°C to 350°C. Moreover, since the first hous-
ing 31 and the second housing 32 are used for grounding
each part housed in the housing 30, it is desired that the
first housing 31 and the second housing 32 are manu-
factured by use of materials having conductivity. Specif-
ically, it is desired to use stainless steel having conduc-
tivity and high resistance to heat, such as the JIS stand-
ard SUS630, SUS316 or SUS430.
[0039] The diaphragm head 40 includes, as shown in
FIG. 5, a cylindrical part 41 in a cylindrical shape and an
inside part 42 formed inside the cylindrical part 41.
[0040] The rear end portion in the cylindrical part 41
includes: an entry part 41a that is fitted (press-fitted) into
the leading end portion in the first housing 31 of the hous-
ing 30 by interference fit to enter inside the leading end
portion; and a butting surface 41b that is formed into the
same shape as an end surface 31a in the leading end
portion and against which the end surface 31a is butted.
[0041] The inside part 42 is a disk-shaped member pro-
vided to close an opening of the leading end side in the
cylindrical part 41, and at the center portion thereof in a
surface of the rear end side, there is provided a projection
part 42a that projects from the surface toward the piezo-
electric element 10. Moreover, at the center portion in
the surface on the leading end side of the inside part 42,
there is provided a concave part 42b that is concaved
from the surface toward the piezoelectric element 10.
[0042] Since existing in the combustion chamber C of
high temperature and high pressure, it is desired that the
diaphragm head 40 is made of an alloy having high elas-
ticity and excellent durability, resistance to heat, resist-
ance to corrosion or the like, for example, SUH 660.
[0043] The first electrode part 50 is a columnar-shaped
member formed to have a diameter differing in stages
from the leading end side to the rear end side, and is
configured with a first columnar part 51 and a second
columnar part 52 having a radius larger than a radius of
the first columnar part 51. The outer diameter of the first
columnar part 51 is smaller than the inner diameter of
the entry part 41a of the diaphragm head 40, and the
outer diameter of the second columnar part 52 is sub-
stantially the same as the hole diameter of the first hole
311 of the first housing 31. Then, components are dis-
posed so that the end surface on the leading end side in
the first columnar part 51 is brought into contact with the
projection part 42a of the inside part 42 in the diaphragm
head 40 and the end surface on the rear end side in the
second columnar part 52 is brought into contact with a
surface on the leading end side in the piezoelectric ele-
ment 10. Due to contact of the outer circumferential sur-
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face of the second columnar part 52 with the inner cir-
cumferential surface of the first housing 31 and/or contact
of the end surface on the leading end side in the first
columnar part 51 with the diaphragm head 40, the leading
end portion in the piezoelectric element 10 is electrically
connected to the housing 30.
[0044] The first electrode part 50 causes the pressure
in the combustion chamber C to act on the piezoelectric
element 10, and the end surface on the rear end side in
the second columnar part 52, which is the end surface
of the piezoelectric element 10 side, is formed in a size
capable of pressing an entirety of the end surface of the
piezoelectric element 10. Moreover, in the first electrode
part 50, both end surfaces in the centerline direction are
formed as smooth surfaces and provided substantially in
parallel with each other along a surface perpendicular to
the centerline direction so as to make it possible to cause
the pressure received from the diaphragm head 40 to
uniformly act on the piezoelectric element 10.
[0045] As a material of the first electrode part 50, stain-
less steel can be provided as an example.
[0046] The second electrode part 55 is a columnar-
shaped member and is disposed so that the end surface
on the leading end side thereof is brought into contact
with the end surface on the rear end side in the piezoe-
lectric element 10 and the end surface on the rear end
side thereof is brought into contact with the insulating
ring 60. The end surface on the rear end side in the sec-
ond electrode part 55 is provided with a columnar-shaped
projection part 55a that projects from the end surface
toward the rear end side. The projection part 55a includes
a base end portion on the end surface side and a leading
end portion having an outer diameter smaller than an
outer diameter of the base end portion. The outer diam-
eter of the projection part 55a is set smaller than the inner
diameter of the insulating ring 60 and the length of the
projection part 55a is set longer than the width (the length
in the centerline direction) of the insulating ring 60, and
the leading end of the projection part 55a is exposed from
the insulating ring 60. The second electrode part 55 is a
member acting to apply a constant load to the piezoelec-
tric element 10 with the first electrode part 50; the end
surface thereof on the piezoelectric element 10 side (the
leading end side) is formed in a size capable of pressing
the entirety of the end surface on the rear end side of the
piezoelectric element 10 and is formed as a smooth sur-
face in parallel with the end surface on the rear end side
of the piezoelectric element 10. The outer diameter of
the second electrode part 55 is set smaller than the hole
diameter of the second hole 312 of the first housing 31,
and there is a gap between the outer circumferential sur-
face of the second electrode part 55 and the inner cir-
cumferential surface of the first housing 31.
[0047] As a material of the second electrode part 55,
stainless steel can be provided as an example.
[0048] The insulating ring 60 is a cylindrical-shaped
member formed of alumina ceramics or the like, and the
inner diameter (the hole diameter at the center portion)

thereof is slightly larger than the outer diameter of the
base end portion in the projection part 55a of the second
electrode part 55 and the outer diameter thereof is set
substantially the same as the hole diameter of the second
hole 312 of the first housing 31. Due to that the projection
part 55a is inserted into a hole at the center portion of
the insulating ring 60, the second electrode part 55 is
disposed so that the center position of the second elec-
trode part 55 and the center of the second hole 312 of
the first housing 31 are the same.
[0049] The support member 65 is a cylindrical-shaped
member, inside of which plural columnar-shaped holes
650 having different diameters are formed from the lead-
ing end side to the rear end side, and the diameter of the
outer circumferential surface thereof is the same.
[0050] The hole 650 is configured with a first hole 651,
a second hole 652 having a larger hole diameter than a
hole diameter of the first hole 651 and a third hole 653
having a larger hole diameter than the hole diameter of
the second hole 652, which are formed in order from the
leading end side to the rear end side. The hole diameter
of the first hole 651 is larger than the outer diameter of
the base end portion in the projection part 55a of the
second electrode part 55, and the projection part 55a is
exposed to the inside of the support member 65. The
hole diameter of the second hole 652 is larger than the
outer diameter of the leading end portion in the conduc-
tion member 22 of the signal processing part 200, which
will be described later. The hole diameter of the third hole
653 is smaller than the outer diameter of the end portion
on the leading end side in the covering member 23, and
the covering member 23 is fitted into the surrounding wall
that forms the third hole 653 by interference fit. Conse-
quently, the support member 65 functions as a member
supporting the end portion of the covering member 23.
[0051] The coil spring 70 has an inner diameter that is
not less than the outer diameter of the leading end portion
and smaller than the outer diameter of the base end por-
tion in the projection part 55a of the second electrode
part 55, and an outer diameter that is smaller than an
insertion hole 22a of the conduction member 22, which
will be described later. Into the inside of the coil spring
70, the leading end portion of the projection part 55a in
the second electrode part 55 is inserted, and the coil
spring 70 is inserted into the insertion hole 22a of the
conduction member 22, which will be described later. The
length of the coil spring 70 is set to a length capable of
being interposed between the second electrode part 55
and the conduction member 22 in a compressed state.
As a material of the coil spring 70, an alloy having high
elasticity and excellent durability, resistance to heat, re-
sistance to corrosion or the like may be used. Moreover,
by applying gold plating to the surface of the coil spring
70, electrical conduction may be increased.
[0052] Next, the signal processing part 200 will be de-
scribed.
[0053] The signal processing part 200 includes, as
shown in FIGS. 3 and 4: the circuit board part 21 that at
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least performs amplification processing on electric sig-
nals (charge signals), which are weak charges obtained
from the piezoelectric element 10 of the sensor part 10;
the conduction member 22 in a rod shape that guides
the charges generated in the piezoelectric element 10 to
the circuit board part 21; the covering member 23 that
covers the circuit board part 21, the conduction member
22 and so forth; and an O-ring 26 that seals the circuit
board part 21 and so forth.
[0054] The circuit board part 21 includes a mounting
board 210 on which electronic components and so forth
constituting a circuit for amplifying the weak charges ob-
tained from the piezoelectric element 10 of the sensor
part 100 have been mounted. To the leading end portion
in the mounting board 210, an input-side first connection
pin 21a for electrically connecting the rear end portion in
the conduction member 22 and an input-side second con-
duction pin 21b for grounding and positioning are con-
nected by soldering or the like. Moreover, to the rear end
portion in the mounting board 210, an output-side first
connection pin 21c, an output-side second connection
pin 21d and an output-side third connection pin 21e for
electrically connecting to the controller 6 via the connec-
tor 80 provided to the leading end portion of the trans-
mission cable 8 are connected by soldering or the like.
Then, the output-side first connection pin 21c is used for
supplying the power-supply voltage from the controller 6
to the mounting board 210, the output-side second con-
nection pin 21d is used for supplying the output voltage
from the mounting board 210 to the controller 6, and the
output-side third connection pin 21e is used for supplying
the GND voltage from the controller 6 to the mounting
board 210.
[0055] The conduction member 22 is a member in a
rod shape (columnar shape), and, on the leading end
portion thereof, an insertion hole 22a into which the lead-
ing end portion of the projection part 55a in the second
electrode part 55 is inserted is formed. The rear end por-
tion in the conduction member 22 is electrically connect-
ed to the mounting board 210 of the circuit board part 21
via a conductive wire (not shown) and the input-side first
connection pin 21a. As materials of the conduction mem-
ber 22, brass, beryllium copper and the like can be pro-
vided as examples. In this case, from the standpoint of
processability and costs, brass is desirable. In contrast
thereto, from the standpoint of electrical conductivity,
high-temperature strength and reliability, beryllium cop-
per is desirable.
[0056] The covering member 23 includes: a conduc-
tion member covering part 231 that covers outer circum-
ference of the conduction member 22; the board covering
part 232 that covers a side surface and a lower surface
of the mounting board 210 of the circuit board part 21;
and a connector part 233 which covers around the output-
side first connection pin 21c, the output-side second con-
nection pin 21d and the output-side third connection pin
21e connected to the mounting board 210 and into which
the connector 80 provided to the leading end portion of

the transmission cable 8 is fitted.
[0057] As shown in FIG. 3, the conduction member
covering part 231 extends along the centerline direction
and covers the conduction member 22 so that the leading
end portion thereof is exposed.
[0058] Moreover, the conduction member covering
part 231 is configured with plural cylindrical-shaped por-
tions to have an outer diameter differing in stages from
the leading end side to the rear end side. Specifically,
from the leading end side to the rear end side, a first
cylindrical part 241 having a first outer diameter, a second
cylindrical part 242 having a second outer diameter
smaller than the first outer diameter, a third cylindrical
part 243 having a third outer diameter larger than the
second outer diameter and a fourth cylindrical part 244
having a fourth outer diameter larger than the third outer
diameter are formed side by side.
[0059] The first outer diameter in the first cylindrical
part 241 is formed larger than the hole diameter of the
third hole 653 in the support member 65. Consequently,
the leading end portion in the conduction member cov-
ering part 231 is fitted (press-fitted) into the surrounding
wall that forms the third hole 653 of the support member
65 by interference fit.
[0060] As shown in FIG. 3, the conduction member
covering part 231 is provided with plural convex parts
250 projecting from the outer circumferential surface of
the conduction member covering part 231 and each ex-
tending in the centerline direction. In the exemplary em-
bodiment, the convex parts 250 include first convex parts
251 provided to the leading end portion in the second
cylindrical part 242 of the conduction member covering
part 231 and second convex parts 252 provided to the
fourth cylindrical part 244 of the conduction member cov-
ering part 231.
[0061] In this example, the four first convex parts 251
are provided on the outer circumferential surface of the
second cylindrical part 242 at 90-degree intervals along
the circumferential direction. Moreover, the four second
convex parts 252 are provided on the outer circumferen-
tial surface of the fourth cylindrical part 244 at 90-degree
intervals along the circumferential direction.
[0062] Note that, in this example, the four first convex
parts 251 are formed integrally with the second cylindrical
part 242 in the conduction member covering part 231,
and the four second cylindrical parts 252 are formed in-
tegrally with the fourth cylindrical part 244 in the conduc-
tion member covering part 231.
[0063] In the signal processing part 200, as shown in
FIG. 5, each of the four first convex parts 251 provided
to the second cylindrical part 242 is butted against the
wall forming the second columnar hole 322 in the second
housing 32. Moreover, as shown in FIG. 6, each of the
four second convex parts 252 provided to the fourth cy-
lindrical part 244 is butted against the wall forming the
fourth columnar hole 324 in the second housing 32. Con-
sequently, the conduction member covering part 231 re-
sults in being supported by the second housing 32.
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[0064] The board covering part 232 is basically a por-
tion in a cylindrical shape, and the side surface thereof
is provided with a rectangular opening part 232a for plac-
ing the mounting board 210 inside thereof. Moreover, on
the rear end side in the board covering part 232, a ring
groove 232b for the O-ring 26 to seal the inside of the
housing 30 and a placing portion of the mounting board
210 is formed.
[0065] The connector part 233 is a thin portion formed
to project from the end surface 232c on the rear end side
in the board covering part 232 to cover around the output-
side first connection pin 21c, the output-side second con-
nection pin 21d and the output-side third connection pin
21e connected to the mounting board 210. The rear end
portion in the connector part 233 is opened to be capable
of receiving the connector 80 provided to the leading end
portion of the transmission cable 8 inside thereof. More-
over, on the rear end side in the connector part 233, there
is formed a hole 233a that communicates the inside and
the outside, and due to a hook provided to the connector
80 of the transmission cable 8 caught in the hole 233a,
falling of the connector 80 of the transmission cable 8
from the connector part 233 is suppressed.
[0066] The covering member 23 configured as de-
scribed above is molded from a material having an insu-
lating property, such as resin. Moreover, the covering
member 23 is molded integrally with the conduction
member 22, the input-side first connection pin 21a, the
input-side second connection pin 21b, the output-side
first connection pin 21c, the output-side second connec-
tion pin 21d and the output-side third connection pin 21e.
More specifically, the covering member 23 is molded by
pushing heated resin into a mold in which the conduction
member 22, the input-side first connection pin 21a, the
input-side second connection pin 21b, the output-side
first connection pin 21c, the output-side second connec-
tion pin 21d and the output-side third connection pin 21e
are set.
[0067] When the signal processing part 200 is unitized,
the mounting board 210 of the circuit board part 21 is
inserted from the opening part 232a of the molded cov-
ering member 23 to be placed at the center portion of the
board covering part 232. In placing the mounting board
210, into a through hole penetrated in a plate thickness
direction, the leading end of each of the input-side first
connection pin 21a, the input-side second connection pin
21b, the output-side first connection pin 21c, the output-
side second connection pin 21d and the output-side third
connection pin 21e is passed and soldered. Thereafter,
the input-side first connection pin 21a and the conduction
member 22 are connected by use of a conductive wire.
Moreover, the O-ring 26 is mounted onto the ring groove
232b of the board covering part 232 in the covering mem-
ber 23. The O-ring 26 is a well-known O-shaped ring
made of a fluorine rubber.
[0068] Next, the holding member 300 will be described.
[0069] The holding member 300 is a thin cylindrical-
shaped member and, as shown in FIG. 4, provided with

a projection part 300a on the rear end portion, the pro-
jection part 300a projecting inward from the inner circum-
ferential surface. After being mounted to the second
housing 32, the holding member 300 is crimped by ap-
plying pressure to a portion corresponding to the concave
part 335a provided to the fifth outer circumferential sur-
face 335. Consequently, the holding member 300 be-
comes less likely to be moved relative to the housing 30,
to thereby prevent the signal processing part 200 from
moving with respect to the housing 30.
[0070] When the pressure detecting device 5 config-
ured as described above is mounted on the cylinder head
4, the diaphragm head 40 of the sensor part 100 is in-
serted first into the communication hole 4a formed in the
cylinder head 4, and the male screw 332a formed in the
second housing 32 of the housing 30 is screwed into the
female screw 4e formed in the communication hole 4a
of the cylinder head 4.
[0071] By mounting the pressure detecting device 5 on
the cylinder head 4, the housing 30 is electrically con-
nected to the cylinder head 4 made of metal. Since the
cylinder head 4 is in the state of being electrically ground-
ed, in the pressure detecting device 5, the leading end
portion in the piezoelectric element 10 is grounded via
the housing 30. Here, this example shows a structure in
which the side surface of the piezoelectric element 10 is
possibly brought into contact with the inner wall surface
of the housing 30; however, the piezoelectric element 10
has an extremely large resistance value since being con-
figured with an insulating body and the charges gener-
ated with pressure change are generated at both end
portions in the centerline direction of the piezoelectric
element 10, and therefore, no particular problem occurs.
[0072] Here, the sealing member 7 shown in FIG. 1 or
the like will be described.
[0073] The sealing member 7 includes, as shown in
FIG. 2, a first sealing member 71 disposed between an
end surface in a fastening direction of the sensor part
100 of the surrounding wall forming the communication
hole 4a in the cylinder head 4 and a connecting surface
that connects the third outer circumferential surface 333
and the fourth outer circumferential surface 334 of the
housing 30 in the pressure detecting device 5. Moreover,
the sealing member 7 includes a second sealing member
72 disposed between the inclined part 4c of the commu-
nication hole 4a in the cylinder head 4 and the inclined
surface 315a (refer to FIG. 3) of the first housing 31 of
the housing 30 in the pressure detecting device 5.
[0074] Subsequently, a configuration of the mounting
board 210 in the circuit board part 21 of the signal
processing part 200 will be described.
[0075] FIG. 7 is a diagram showing a circuit configu-
ration of the mounting board 210.
[0076] The circuit board 210 includes a printed wiring
board 211 on which wiring (a circuit pattern) for mounting
plural electronic components (circuit elements) is
formed. Moreover, the mounting board 210 includes an
integrating circuit 212 and an amplifier circuit 213 mount-
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ed on the printed wiring board 211. Further, the mounting
board 210 includes power receiving ferrite beads 214,
output ferrite beads 215 and grounding ferrite beads 216
mounted on the printed wiring board 211. Still further, the
mounting board 210 includes an output resistance 217,
a power receiving first capacitor 218, a power receiving
second capacitor 219, an output first capacitor 220 and
an output second capacitor 221 mounted on the printed
wiring board 211.
[0077] In the mounting board 210 of the exemplary em-
bodiment, the charge signal inputted from the piezoelec-
tric element 10 is integrated by the integrating circuit 212
to be converted into the voltage signal, the converted
voltage signal is amplified by the amplifier circuit 213,
and the obtained output signal is outputted to the outside
(for example, the controller 6 shown in FIG. 1). Here, in
the exemplary embodiment, the integrating circuit 212
and the amplifier circuit 213 function as an example of a
processing circuit.
[0078] In the exemplary embodiment, as the printed
wiring board 211, a so-called glass-epoxy substrate,
which is based on glass fabric base material epoxy resin,
is used. Then, the printed wiring board 211 is provided
with, as output-side terminals connected to the controller
6, a power receiving terminal 211a, an output terminal
211b and a grounding terminal 211c. Of these, the power
receiving terminal 211a is connected to the first cable 81
(refer to FIG. 2) via the output-side first connection pin
21c (refer to FIG. 4). Moreover, the output terminal 211b
is connected to the second cable 82 (refer to FIG. 2) via
the output-side second connection pin 21d (refer to FIG.
4). Further, the grounding terminal 211c is connected to
the third cable 83 (refer to FIG. 2) via the output-side third
connection pin 21e (refer to FIG. 4).
[0079] To the power receiving terminal 211a, the pow-
er-supply voltage received from the controller 6 is sup-
plied. Moreover, the power receiving terminal 211a is
connected to a power receiving end of the integrating
circuit 212 and a power receiving end of the amplifier
circuit 213 via the power receiving ferrite beads 214. Con-
sequently, to the integrating circuit 212 and the amplifier
circuit 213, the power-supply voltage is supplied via the
power receiving terminal 211a. Further, between the
power receiving terminal 211a and the power receiving
ferrite beads 214, the power receiving first capacitor 218
is connected in parallel, and, between the power receiv-
ing ferrite beads 214 and integrating circuit 212 and the
amplifier circuit 213, the power receiving second capac-
itor 219 is connected in parallel.
[0080] From the output terminal 211b, the output ter-
minal toward the controller 6 is outputted. Therefore, the
output terminal 211b is connected to an output end of
the amplifier circuit 213 via the output ferrite beads 215
and the output resistance 217. Further, between the out-
put terminal 211b and the output ferrite beads 215, the
output first capacitor 220 is connected in parallel, and,
between the output ferrite beads 215 and the output re-
sistance 217, the output second capacitor 221 is con-

nected in parallel.
[0081] To the grounding terminal 211c, the ground of
the controller 6 is connected. Moreover, the grounding
terminal 211c is connected to a grounding end (ground)
of the integrating circuit 212 and a grounding end
(ground) of the amplifier circuit 213 via the grounding
ferrite beads 216. Here, to the grounding end of the in-
tegrating circuit 212 and the grounding end of the ampli-
fier circuit 213, the power receiving second capacitor 219
and the output second capacitor 221 are also connected.
Further, between the grounding terminal 211c and the
grounding ferrite beads 216, the ground of the mounting
board 210 is connected in parallel. Here, to the ground
of the mounting board 210, the power receiving first ca-
pacitor 218 and the output first capacitor 220 are also
connected.
[0082] Each of the power receiving ferrite beads 214,
the output ferrite beads 215 and the grounding ferrite
beads 216 provided to the mounting board 210 are a
circuit element in which, in a region where a low frequen-
cy is relatively shown, inductance becomes principal
rather than resistance, whereas, in a region where a high
frequency is relatively shown, the resistance becomes
principal rather than the inductance. Here, in the exem-
plary embodiment, as the power receiving ferrite beads
214 and the output ferrite beads 215, those having char-
acteristics with an impedance value (hereinafter, referred
to as a static characteristic nominal value) of 1000Ω at
100 MHz are used. Moreover, in the exemplary embod-
iment, as the grounding ferrite beads 216, those having
characteristics that show the static characteristic nominal
value of 5Ω, which is smaller than that of the above-de-
scribed output ferrite beads 215, are used. Here, in the
exemplary embodiment, the grounding ferrite beads 216
function as an example of an inductive element or an
inductive/resistive element.
[0083] Note that, in place of the power receiving ferrite
beads 214, the output ferrite beads 215 and the ground-
ing ferrite beads 216, a coil functioning inductance (in-
ductor) over the low frequency to high frequency may be
used. Moreover, in the exemplary embodiment, the ferrite
beads (the inductor) are provided to each of the power
feeding system via the power receiving terminal 211a,
the signal system via the output terminal 211b and the
grounded system via the grounding terminal 211c; how-
ever, the ferrite beads have to be provided at least to the
grounded system, and are not essential to the power
feeding system and the signal system.
[0084] In the pressure detecting device 5 of the exem-
plary embodiment, by connecting the grounding ferrite
beads 216 in series to the grounded system in the mount-
ing board 210, it is possible to reduce noises incoming
to the grounded system from the outside via the trans-
mission cable 8 or the like. Consequently, the ground
potential in each of the integrating circuit 212 and the
amplifier circuit 213 provided to the mounting board 210
becomes stable, and therefore, it becomes possible to
reduce the noises superimposed on the output signal out-
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putted from the amplifier circuit 213 via the signal system.
[0085] Moreover, in the pressure detecting device 5 of
the exemplary embodiment, in addition thereto, the pow-
er receiving ferrite beads 214 were connected in series
to the power feeding system in the mounting board 210
and the output ferrite beads 215 were connected in series
to the signal system in the mounting board 210. Conse-
quently, it is possible to reduce noises incoming to the
power feeding system and the signal system from the
outside via the transmission cable 8 or the like.

[Examples]

[0086] Hereinafter, the present invention will be de-
scribed in more detail based on Examples. However, the
present invention is not limited to the following Examples
unless the gist is exceeded.
[0087] The present inventors prepared plural pressure
detecting devices 5 that are different in presence or ab-
sence of each ferrite beads or characteristics thereof in
the mounting board 210, and performed evaluation by
the BCI (Bulk Current Injection) test.
[0088] FIG. 8 is a diagram for explaining model num-
bers of the power receiving ferrite beads 214, the output
ferrite beads 215 and the grounding ferrite beads 216
used in each Example (Examples 1 to 7) and Compara-
tive example. Note that the pressure detecting device 5
described in the above exemplary embodiment corre-
sponds to Example 1 shown in FIG. 8.
[0089] Then, description will be given of similarities and
differences in each Example (Examples 1 to 7) and Com-
parative example.
[0090] First, in Example 1, FB1 (5Ω) is used as the
grounding ferrite beads 216. In contrast thereto, FB2
(10Ω) is used as the grounding ferrite beads 216 in Ex-
ample 2, FB3 (22Ω) is used as the grounding ferrite beads
216 in Example 3, and FB4 (47Ω) is used as the ground-
ing ferrite beads 216 in Example 4, that are different from
Example 1. Moreover, FB5 (120Ω) is used as the ground-
ing ferrite beads 216 in Example 5, FB6 (470Ω) is used
as the grounding ferrite beads 216 in Example 6, and
FB7 (1000Ω) is used as the grounding ferrite beads 216
in Example 7, that are different from Example 1. On the
other hand, the comparative example is different from
Examples 1 to 7 in the point that the grounding ferrite
beads 216 are not used (not connected).
[0091] Moreover, in Examples 1 to 7 and Comparative
example, the point that FB7 (1000Ω) is used as the power
receiving ferrite beads 214 and the output ferrite beads
215 is in common.
[0092] FIG. 9 includes diagrams for illustrating fre-
quency characteristics of impedance of various kinds of
ferrite beads used in each example (Examples 1 to 7)
and comparative example. Here, FIG. 9A shows the fre-
quency characteristics of FB1 (5Ω) used as the ground-
ing ferrite beads 216 in Example 1, FIG. 9B shows the
frequency characteristics of FB2 (10Ω) used as the
grounding ferrite beads 216 in Example 2, and FIG. 9C

shows the frequency characteristics of FB3 (22Ω) used
as the grounding ferrite beads 216 in Example 3. More-
over, FIG. 9D shows the frequency characteristics of FB4
(47Ω) used as the grounding ferrite beads 216 in Exam-
ple 4, FIG. 9E shows the frequency characteristics of
FB5 (120Ω) used as the grounding ferrite beads 216 in
Example 5, and FIG. 9F shows the frequency character-
istics of FB6 (470Ω) used as the grounding ferrite beads
216 in Example 6. Further, FIG. 9G shows the frequency
characteristics of FB7 (1000Ω) used as the power receiv-
ing ferrite beads 214 and as the output ferrite beads 215
in Examples 1 to 7, and used as the grounding ferrite
beads 216 in Example 7.
[0093] Here, in each of FIGS. 9A to 9G, the horizontal
axis indicates the frequency (1 MHz to 3000 MHz) and
the vertical axis indicates the impedance (Ω). Moreover,
in FIGS. 9A to 9G, as the impedance, three factors,
namely, the resistance component R, the (inductive) re-
actance component X, and the impedance value Z ob-
tained by synthesizing the resistance component R and
the resistance component X (Z = R + jX) are described.
[0094] As is also clear from FIGS. 9A to 9G, the ferrite
beads function as an inductance in a region with relatively
low frequency, whereas, in a region with relatively high
frequency, function as a resistance. However, the mag-
nitude of the impedance value Z, that is, the static char-
acteristic nominal value at 100 MHz differs in each case.
Moreover, a frequency at which the resistance compo-
nent R and the reactance component X cross, namely,
an R-X cross point where the main function switches from
the inductance to the resistance (or, from the resistance
to the inductance) also differs in each case. Further, a
frequency at which the impedance value Z shows a max-
imum, that is, from another standpoint, a self-resonant
frequency at which the reactance component X becomes
0 differs in each case. Note that, the reason why the
reactance component X of the ferrite beads becomes 0
is that the ferrite beads function as the capacitor, not the
inductor, at a frequency region higher than the self-res-
onant frequency.
[0095] FIG. 10 is a diagram for explaining various kinds
of characteristics of the various kinds of ferrite beads
used in each Example (Examples 1 to 7) and Compara-
tive example as a list. Here, in FIG. 10, the model number
of each of the various kinds of ferrite beads and the static
characteristic nominal value, the R-X cross point and the
self-resonant frequency thereof are associated.
[0096] As shown in FIG. 9A and FIG. 10, the static
characteristic nominal value of FB1 is 5Ω. Moreover, the
R-X cross point thereof is of the order of 1300 MHz, and
the self-resonant frequency thereof exceeds 3000 MHz.
[0097] As shown in FIG. 9B and FIG. 10, the static
characteristic nominal value of FB2 is 10Ω. Moreover,
the R-X cross point thereof is of the order of 1000 MHz,
and the self-resonant frequency thereof is of the order of
1700 MHz.
[0098] As shown in FIG. 9C and FIG. 10, the static
characteristic nominal value of FB3 is 22Ω. Moreover,
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the R-X cross point thereof is of the order of 800 MHz,
and the self-resonant frequency thereof is of the order of
1000 MHz.
[0099] As shown in FIG. 9D and FIG. 10, the static
characteristic nominal value of FB4 is 47Ω. Moreover,
the R-X cross point thereof is of the order of 200 MHz,
and the self-resonant frequency thereof is of the order of
1100 MHz.
[0100] As shown in FIG. 9E and FIG. 10, the static
characteristic nominal value of FB5 is 120Ω. Moreover,
the R-X cross point thereof is of the order of 180 MHz,
and the self-resonant frequency thereof is of the order of
600 MHz.
[0101] As shown in FIG. 9F and FIG. 10, the static char-
acteristic nominal value of FB6 is 470Ω. Moreover, the
R-X cross point thereof is of the order of 18 MHz, and
the self-resonant frequency thereof is of the order of 370
MHz.
[0102] As shown in FIG. 9G and FIG. 10, the static
characteristic nominal value of FB7 is 1000Ω. Moreover,
the R-X cross point thereof is of the order of 180 MHz,
and the self-resonant frequency thereof is of the order of
420 MHz.
[0103] Note that, regarding the ferrite beads, in some
cases, even though the static characteristic nominal val-
ues are the same, the frequency characteristics thereof
(including the R-X cross point and the self-resonant fre-
quency) possibly differ.
[0104] Next, the BCI test used in evaluating the pres-
sure detecting device 5 will be simply described.
[0105] The BCI test is the one determined as the im-
munity standards corresponding to, of the EMC (Electro-
magnetic Compatibility) standards of vehicle, EMS (Elec-
tromagnetic Susceptibility), which is prescribed in, for ex-
ample, ISO 11452-4:2011.
[0106] Note that, this time, the BCI test was conducted
in a state where the transmission cable 8 was attached
to the pressure detecting device 5, whereas, the housing
30 of the pressure detecting device 5 was insulated from
the outside via an air layer or the like. Here, the length
of the transmission cable 8 (the first cable 81 to the third
cable 83) was set to 1 m. Moreover, application of noises
to the transmission cable 8 in the BCI test was performed
to the position of 150 mm from the connector 80. Further,
the noises to be applied to the transmission cable 8 were
prepared by an AM modulation system, and the range of
frequency of the noises to be applied was set to more
than 0 and not more than 1000 MHz (1 GHz). Then, in a
state where the noises were applied to the transmission
cable 8, a variation amount of the voltage between the
output terminal 211b and the grounding terminal 211c
provided to the mounting board 210 (hereinafter, referred
to as an output voltage variation amount) was measured.
Note that, in ISO 11452-4:2011, the frequency range of
the noise to be applied is determined to 1 MHz to 400
MHz; this time, measurement was conducted with a fre-
quency range broader than this.
[0107] FIG. 11 includes diagrams each explaining the

result of the BCI test in each Example (Examples 1 to 7)
and Comparative example as a graph. Here, FIG. 11A
shows a result of Example 1, FIG. 11B shows a result of
Example 2, FIG. 11C shows a result of Example 3, FIG.
11D shows a result of Example 4, FIG. 11E shows a
result of Example 5, FIG. 11F shows a result of Example
6, FIG. 11G shows a result of Example 7, and FIG. 11H
shows a result of Comparative example.
[0108] Here, in each of FIGS. 11A to 11H, the horizon-
tal axis indicates the frequency (0 MHz to 1000 MHz) and
the vertical axis indicates the output voltage variation
amount (mV).
[0109] FIG. 12 is a diagram for explaining the result of
the BCI test in each Example (Examples 1 to 7) and Com-
parative example as a list. Here, in FIG. 12, each of Ex-
amples and Comparative example is associated with the
maximum value (MAX) and the minimum value (MIN) of
the output voltage (output signal) and the variation
amount of the output voltage, which is a difference be-
tween the two, in each case. However, in FIG. 12, the
results measured in the frequency range prescribed in
ISO 11452-4:2011 (measurement frequency: 0 MHz to
400 MHz) are described as "Basic BCI test results", and
the results measured in the frequency range extended
than this are described as "Extended BCI test results".
[0110] First, "Basic BCI test results" with the range of
measurement frequency of 0 MHz to 400 MHz will be
described.
[0111] In Example 1, the output voltage variation
amount was 11 mV (265 MHz), in Example 2, the output
voltage variation amount was 5 mV (265 MHz), in Exam-
ple 3, the output voltage variation amount was 3 mV (270
MHz), and, in Example 4, the output voltage variation
amount was 2 mV (265 MHz). Moreover, in Example 5,
the output voltage variation amount was 1 mV (265 MHz
and many other frequencies), in Example 6, the output
voltage variation amount was 2 mV (150 MHz and many
other frequencies), and, in Example 7, the output voltage
variation amount was 3 mV (160 MHz). In contrast there-
to, in Comparative example, the output voltage variation
amount was 56 mV (265 MHz).
[0112] From the above-described "Basic BCI test re-
sults", it is known that, in the range of measurement fre-
quency of 0 MHz to 400 MHz, as in Examples 1 to 7, by
connecting the grounding ferrite beads 216 in series to
the grounded system of the mounting board 210, the nois-
es superimposed on the output voltage (output signal)
are reduced, as compared to the case in which, as in
Comparative example, the grounding ferrite beads 216
are not connected in series to the grounded system of
the mounting board 210. Moreover, it is known that, as
in Comparative example, when there is provided a con-
figuration in which the ferrite beads are connected only
to the power feeding system and the signal system (the
ferrite beads are not connected to the grounded system),
the noised superimposed on the output voltage (output
signal) are not reduced.
[0113] Subsequently, "Extended BCI test results" with
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the range of measurement frequency of 0 MHz to 1000
MHz will be described.
[0114] In Example 1, the output voltage variation
amount was 11 mV (266 MHz), in Example 2, the output
voltage variation amount was 20 mV (566 MHz), in Ex-
ample 3, the output voltage variation amount was 35 mV
(577 MHz), and, in Example 4, the output voltage varia-
tion amount was 54 mV (566 MHz). Moreover, in Example
5, the output voltage variation amount was 208 mV (577
MHz), in Example 6, the output voltage variation amount
was not less than 1515 mV (566 MHz), and, in Example
7, the output voltage variation amount was not less than
15 mV (566 MHz). In contrast thereto, in Comparative
example, the output voltage variation amount was not
less than 1515 mV (566 MHz). Here, an upper limit value
of the output voltage variation amount in the measure-
ment system used in Examples is 1515 mV. Consequent-
ly, "not less than 1515 mV" means that the measurement
limit of the output voltage variation amount is exceeded.
Accordingly, in Examples 6, 7 and Comparative example,
the results exceeding an upper limit of the maximum val-
ue (MAX) of the output voltage are obtained; therefore,
it is estimated that the actual output voltage variation
amount is larger than the above value (1515 mV).
[0115] From the above-described "Extended BCI test
results", it is known that, in the range of measurement
frequency of 0 MHz to 1000 MHz, as in Examples 1 to
3, by connecting the grounding ferrite beads 216, whose
reactance component X does not become 0 (exceeding
0Ω) within the range of the measurement frequency, in
series to the grounded system of the mounting board
210, the noises superimposed on the output voltage (out-
put signal) are reduced, as compared to the case in
which, as in Examples 4 to 7, the grounding ferrite beads
216, whose reactance component X becomes 0 within
the range of the measurement frequency, are connected
in series to the grounded system of the mounting board
210. Moreover, as a matter of course, it is known that,
as in Examples 1 to 3, by connecting the grounding ferrite
beads 216, whose reactance component X does not be-
come 0 within the range of the measurement frequency,
in series to the grounded system of the mounting board
210, the noises superimposed on the output voltage (out-
put signal) are reduced, as compared to the case in
which, as in Comparative example, the grounding ferrite
beads 216 are not connected in series to the grounded
system of the mounting board 210.
[0116] Here, the term ferrite beads whose reactance
component X does not become 0 within the range of
measurement frequency is synonymous with the self-
resonant frequency of the ferrite beads set higher than
the range of the measurement frequency.
[0117] Note that, in the exemplary embodiment, de-
scription was given by taking the pressure detecting de-
vice 5 that detects the combustion pressure of the internal
combustion engine 1 by use of the piezoelectric element
10 as an example; however, the present invention is not
limited thereto. For example, the present invention may

be applied to a detecting device that detects various kinds
of physical amounts, such as the temperature, the hu-
midity or the flow rate, or a detecting system including
the detecting device.

Reference Signs List

[0118]

1 Internal combustion engine
2 Cylinder block
3 Piston
4 Cylinder head
5 Pressure detecting device
6 Controller
8 Transmission cable
10 Piezoelectric element
21 Circuit board part
22 Conduction member
23 Covering member
30 Housing
80 Connector
81 First cable
82 Second cable
83 Third cable
100 Sensor part
200 Signal processing part
210 Mounting board
211 Printed wiring board
212 Integrating circuit
213 Amplifier circuit
214 Power receiving ferrite beads
215 Output ferrite beads
216 Grounding ferrite beads
300 Holding member

Claims

1. A detecting device comprising:

a detection element that detects a change in a
physical amount;
a processing circuit that applies electrical
processing to a detection signal outputted by the
detection element;
a grounding terminal connected to a ground
body provided outside; and
an inductive element that shows inductivity and
is connected to the grounding terminal and a
ground in the processing circuit.

2. The detecting device according to claim 1, wherein
the inductive element is composed of an induc-
tive/resistive element in which a reactance compo-
nent becomes predominant in a low-frequency re-
gion and a resistance component becomes predom-
inant in a high-frequency region.
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3. The detecting device according to claim 2, wherein
magnitude of the reactance component of the induc-
tive / resistive element exceeds 0Ω in a frequency
range of more than 0 Hz and not more than 400 MHz.

4. The detecting device according to claim 2 or 3,
wherein
magnitude of an impedance of the inductive/resistive
element exceeds 0Ω and not more than 50Ω at 100
MHz.

5. The detecting device according to any one of claims
2 to 4, wherein
the inductive/resistive element is composed of ferrite
beads, and a self-resonant frequency of the ferrite
beads exceeds 400 MHz.

6. A detecting system comprising:

a detecting device comprising: a detection ele-
ment that detects a change in a physical amount;
a processing circuit that applies electrical
processing to a detection signal outputted by the
detection element; a grounding terminal con-
nected to a ground body provided outside; and
an inductive element that shows inductivity and
is connected to the grounding terminal and a
ground in the processing circuit; and
a supplying/processing device that is connected
to the detecting device via a supply line for sup-
plying power-supply voltage to the processing
circuit, a transmission line for transmitting an
output signal outputted from the processing cir-
cuit and a ground line to be connected to the
grounding terminal of the processing circuit, to
supply the power-supply voltage to the detecting
device and to apply processing to the output sig-
nal inputted from the detecting device.
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